Introduction: There is only little information available about total knee arthroplasty (TKA) following distal femoral varus osteotomy (DFVO). The aim of our study was to show our experiences and mid-term results of TKA after a previous DFVO. Material and method: In a retrospective study we identified 36 consecutive patients who had undergone TKA after a previous distal femoral varus osteotomy. The average duration of follow-up after the TKA was 8.2 years (min: 5.0, max: 9.2). X-rays were taken in 2 planes before TKA, 1 week after TKA and at latest follow-up. 
INTRODUCTION
Osteotomies around the knee for the purpose of unloading the affected compartment and correction of the underlying deformity are a well recognised treatment alternative for symptomatic osteoarthritis of the knee in active patients 1. Varus deformity with medial compartment arthritis is more common than valgus deformity with lateral compartment involvement 1,2. Several studies reported good outcomes lasting more than a decade for patients with varus deformity treated by high valgus tibial osteotomy in appropriately selected patients. For a valgus deformity of more than 12˚ or in situations where the plane of the joint is deviated from the horizontal by more than 10˚, a distal femoral varus osteotomy (DFVO) should be preferred 1. A recent study indicated good mid-term success rates of DFVO even in the presence of moderate patellofemoral arthritis at a mean follow-up of 99 months 3. Edgerton et al. 4 reported on 23 patients (24 knees managed with DFVO) and found 71% with good or excellent results at a mean follow-up of 8.3 years. In a recent study by Kosashvili et al. 1 33 consecutive DFVOs (31 patients) with a minimum follow-up of ten years (mean 15.1, range 10-25) were reviewed. Fifteen DFVOs were converted to total knee arthroplasty (TKA) and one DFVO was awaiting TKA. The authors came to the conclusion that DFVO is reliably in delaying the need for TKA by more than a decade as conversion to TKA in less than ten years occurred in 6.1%. Success of primary TKA with knee osteoarthritis is well established, and about 85% of patients are satisfied with the surgical outcome 5. In the past, there have been reports of technical difficulties after failed high tibial head osteotomy that influenced outcomes of knee replacement. There is only little information available in TKA following DFVO 6-8. The aim of our study was to show our experiences and mid-term results of TKA after a previous DFVO.
MATERIAL AND METHODS
In a retrospective study we identified 36 consecutive patients who had undergone TKA after a previous distal femoral varus osteotomy. The average duration of follow-up after the TKA was 8.2 years (min: 5.0 max: 9.2). The study group included 14 men and 22 women who had a mean age of 58.4 years (min: 27.8, max: 81.5) at the time of the arthroplasty. 21 right knees and 14 left knees were involved. TKA was performed at an average of 9.2 years (min: 2.2, max: 35.8) after the osteotomies. The average height of the patients was 156.9 cm (min: 152, max: 178), the average weight was 78.2 kg (min: 51, max: 108). All osteotomies had been internally fixed with a lateral blade-plate. Removal of the plates was preformed after 1-2 years after the osteotomy, at the time of TKA no hardware removal was necessary.
15 knees had osteoarthritis grade 3, 21 knees grade 4 according to Kellgren and Lawrence 9 preoperatively.
In all cases an intramedullary femoral alignment guide was used during TKA procedures. The operative notes did not indicate any modification of the starting hole in knees in which an intramedullary guide was used for alignment.
In all cases an intraoperative joint aspiration was performed, in one case an infection with Staph aureus could be detected, without any clinical signs for infection preoperatively.
Prostheses included 9 FS Knees (Protek, Switzerland, now Zimmer, Warsaw, Indiana) 2 Emotion Knees (Aesculap, Tuttlingen, Germany) and 25 PFC prostheses (DePuy, Johnson and Johnson, Warsaw, Indiana).
All procedures were performed in an ultra-clean-air theater (with antibiotic prophylaxis). During their stay at the hospital, all patients were treated with low molecular weight Heparin and compression stockings as a prophylaxis against deep vein thrombosis. For the duration of 6 weeks, partial weight bearing of 20 kg with the support of lower arm crutches was required.
X rays were taken in 2 planes before TKA, 1 week after TKA and at latest follow-up. Tibiofemoral alignment was measured on weightbearing long-leg anteroposterior radiographs. Radiolucent lines at latest follow-up were documented according to the Knee Society total knee arthroplasty roentgenographic evaluation system 10. Functional evaluations were performed preoperatively and postoperatively (at the time of follow-up) with use of the 200-point system of the Knee Society 11. The two components of this scale, the 100-point knee score and the 100-point function score, were extracted before and after the arthroplasty by means of a chart review performed after an average of 8.2 years of follow-up.
RESULTS
Mean operating time was 98.4 minutes (min: 55, max. 120).
Mean range of motion was Extension/Flexion 0/6/88˚ preoperatively and improved to Extension/Flexion 3/0/97˚ postoperatively.
The mean Knee Society knee score increased from 42 points (min: 15, max: 59) before the arthroplasty to 91. Radiolucent lines according to the Knee Society total knee arthroplasty roentgenographic evaluation system are shown in Table 1 .
DISCUSSION
Distal femoral varus osteotomy (DFVO) is indicated for patients with isolated lateral compartment osteoarthritis of the knee with associated valgus deformity of the knee. Aim of this procedure is delaying TKA. But DFVO can only be recommended if the results of TKA following DFVO are comparable to primary TKA and if there are not more complications. The ideal patient has isolated lateral compartment arthritis with a moderate valgus deformity, is physiologically young, has an occupation or activity level that makes arthroplasty less appropriate, and has a normal body-mass index and satisfactory range of motion and stability of the knee 8,12]. Several studies reported good outcomes lasting more than a decade for patients with varus deformity treated by high valgus tibial osteotomy in appropriately selected patients. Instead, for a valgus deformity of more than 12˚ or in situations where the plane of the joint is deviated from the horizontal by more than 10˚, a DFVO should be preferred. DFVO is reliably in delaying the need for TKA by more than a decade as conversion to TKA in less than ten years occurred in 6.1% in a recent study (8) .
Several studies have investigated the effects of proximal tibial osteotomy on the results of subsequent TKA 2,13,14. Some studies have demonstrated increased difficulties and higher complication rates when the results of conversion of a previously osteotomized knee to a TKA are compared with those of primary TKA. Specific difficulties have included more difficult exposure secondary to patella infera and wound-healing difficulties, leading to increased risks of patellar tendon avulsion and infection, respectively. Only few studies have evaluated the effects of DFVO on the results of subsequent TKA 6-8.
We can follow Nelson et al. 8 that the resulting deformity following DFVO is extraarticular; therefore, intra-articular correction during TKA may lead to ligamentous instability that in some cases is not correctable with ligament releases. In our series we had no difficulties with collateral ligament balancing. In all cases a non-constrained prosthesis could be used. The extraarticular varus deformity of the femur following DFVO often results in a situation in which the femoral anatomical axis intersects the lateral femoral condyle rather than the intercondylar notch. Therefore, when intramedullary alignment is used, the starting hole should be placed where the femoral anatomic axis intersects the distal part of the femur at the knee. A possibility to solve this problem is a careful preoperative templating and determination of the appropriate location of the starting hole. Another option is to use an extramedullary femoral alignment or a computer assisted surgery navigating device. Maybe femoral notching can be minimized or better avoided by using a navigation system.
On the basis of their results, Nelson et al. 8 concluded that TKA decreases pain and improves knee function in patients who have had a previous DFVO with subsequent development of instability and/or end-stage posttraumatic arthritis. The malposition rate was relatively high (7/11) , and the results were not as good. The mean Knee Society knee score was 35 points before the arthroplasty and 84 points after the arthroplasty. The mean Knee Society function score was 49 points before the arthroplasty and 68 points after the arthroplasty. The mean interval between the femoral osteotomy and TKA was fourteen years (min: 2, max: 32). A constrained prosthesis was required in five of the eleven knees. Two knees had an excellent result, five had a good result, and four had a fair result.
In our series, which is the largest series ever published, the mean Knee Society knee score increased from 42 points (min: 15, max: 59) before the arthroplasty to 91. In one case we could detect Staph. aureus intraoperatively. In this case 2 stage revision arthroplasty was necessary due to deep infection of the TKA. We therefore recommend that all patients who receive a TKA following a DFVO should have preoperative joint aspiration as well as intraoperative gram-staining and frozen-section analysis to minimize infection rate.
In comparison to the literature there is no higher risk of complications in TKA following DFVO in comparison to primary TKA 5.
In a small series of eight cases of TKR following supracondylar varus femoral osteotomy Cameron et al. 7 found that the distal femur was offset medially on the femoral diaphysis; the outcome as measured by the clinical result and the alignment was uniformly excellent. Cameron et al. 7 concluded, that supracondylar varus femoral osteotomy did not affect the subsequent TKR.
In our study TKA was performed at an average of 9.2 years (min: 2.2, max: 35.8) after DFVO. The average duration of follow-up after TKA was 8.2 years. According to our results we postulate that it is possible to perform TKA following DFVO with good mid-term results. We could not find any technical difficulties in TKA following DFVO. Therefore we can recommend DFVO as a reliable procedure in delaying the need for TKA in patients with osteoarthritis of the lateral compartment with a valgus deformity.
